Malignant tumours commonly metastasize to the lungs. When they do, the secondary deposits are usually in the form of discrete nodules which have no particular relationship to lymph nodes or vessels. Occasionally, however, the tumour spread may predominantly or exclusively affect the lymphatic system of the lungs. Andral (1829) , Virchow (1855) , and Wagner (1863) were among the first to describe this form of metastatic involvement of the lungs. Troisier (1873) demonstrated a case of carcinoma of the stomach with permeation of the superficial and deep lymphatics of both lungs ('lymphangite pulmonaire') by yellowish tumour tissue. In the discussion that followed, Charcot (1873) commented that this case threw new light on the mode of spread of cancer, but Debove (1874) stated that tumour spread by lymphatics had been known to surgeons for a long time. Raynaud (1874) described another case, also with a carcinoma of the stomach, which he called 'angioleucite' (lymphangitis). He defended the use of this term on the grounds that all the signs of inflammation were present, but he admitted by inference that this permeation of the lymphatics by tumour was not really an inflammatory process.
Since these early descriptions the name, even though inept, has persisted. The condition is well known to pathologists and, as Harold (1952) suggested, occurs more frequently than might be supposed from the scarcity of published cases. He could find only 154 cases in the medical literature for the years 1840 to 1950, but he was able, at two hospitals, to collect 24 new cases in a period of four years, 13 of these being from 170 necropsy examinations for malignant disease. The British literature on the subject has been scanty (Bristowe, 1868; Bennett, 1871; Lorain Smith, 1909; Wu, 1936; Morgan, 1949 ; Harold, 1952 ;  Chandler and Telling, 1952; Beattie, 1956) .
The radiological features of the disease have received particularly little study. The first workers to describe these were Assmann (1914; 1929) and Lorenz (1921) , who emphasized increased pro-1 Pre3ent address: W Mstminster Hospital, London, S.W. 1. TI minence of the 'lung markings,' by which it appears that they meant the pulmonary vascular shadows. They also noted numerous small nodular opacities which were attributed to tumour-filled lymphatics 'cut' end-on by the incident x-ray beam. The density of the hila was increased in their cases. Although some workers (Mueller and Sniffen, 1945) have suggested that in drawing attention to the fine linear shadows spreading from the hilum they attributed these to tumour-filled lymphatics, this does not appear to be the case. Indeed, Assmann (1929) , commenting on the work of Franke (1912) , who had injected pulmonary lymphatics, concluded that the lymphatics of the lung were so closely related to the arteries that it would be impossible to distinguish them from the blood vessels radiographically. Mueller and Sniffen (1945) reported the radiological findings in 10 cases, the diagnosis of seven of which had been proved at necropsy. They confirmed the findings of Assmann (1914 Assmann ( , 1929 and Lorenz (1921) , noting both a streaky, string-like network of shadows spreading from the hila into the lungs and 'miliary' nodular opacities in the lung field. They noted that these changes were usually more marked at the bases and, as in a case of bronchial carcinoma, might be unilateral. Mueller and Sniffen attributed these radiological changes predominantly to involvement of the deep lymphatics within the lung, rather than of the pleural ones on its surface. Invasion of the walls of the pulmonary arteries and bronchi by tumour was held to play a negligible part in the formation of the radiographic appearances. They considered that fibrosis, oedema, and vascular congestion were not present in sufficient amount in their cases to produce visible changes in the radiographs. Pleural effusions were small and uncommon, but hilar node enlargement was 'obvious' in most of their cases. Harold (1952) and Beattie (1956) did not add to the descriptions of the radiological appearances given by earlier workers. In one case reported by Harold (1952) , there was no detectable abnormality in the chest radiograph until death.
In 1951 Kerley made an important contribution to the interpretation of chest radiographs when he described 'A' and 'B' lines in silicosis and suggested that they were the shadows cast by distended lymphatics. Interest in these lines at first centred upon their presence and significance in mitral stenosis, but it was not long before they were also recognized in other conditions, including lymphangitis carcinomatosa (Grainger, 1958; Levin, 1959) .
The purpose of this study is to determine the radiological abnormalities present in lymphangitis carcinomatosa and to discover whether any association of these constitutes a 'typical' and recognizable appearance. In particular, attention has been given to the incidence and significance of 'A' and 'B' lines. To determine the cause of the abnormal shadows seen in the radiographs, in some cases a correlation was made with the histological appearance of the lesions causing them by radiographic studies of the lung after death.
MATERIAL AND METHODS
In order to study the radiological appearances of lymphangitis carcinomatosa all the available chest radiographs of 20 patients with this condition, later confirmed at necropsy, were examined. In all the cases studied there was macroscopic permeation of the pleural and deep lymphatics, this also being confirmed histologically. Other cases, with 'typical' radiological changes but no pathological proof, were not included. The incidence of 'A' and 'B' lines was noted and the presence of other radiological abnormalities was also recorded.
The recognition of 'A' and 'B' lines has been based upon the following definitions which have been slightly amplified from the original description by Kerley (1951 Fig. 4 showing the primary tumour and linear shadows spreading into the lungfrom it. The area ringed was removedfor histological examination and the line extending to the right is shown in Fig. 5 . so, when they pointed towards the hilum and did not branch: they did not touch the pleura and were usually at least 2 cm. in length, although none longer than 4 cm. was seen (Fig. la) .
'B' lines were approximately perpendicular to the pleural surface of the lung and always touched the pleura at their outer ends. They were fine (less than 1 mm. thick), straight and short, and usually less than 2 cm. long (Fig. lb) . Linear shadows, which were not at right angles to the pleura, or did not touch it, or were not virtually straight, were not recorded as 'B' lines. All lines that branched or were thicker than 1 mm., and all linear shadows longer than 2.5 cm. that touched the pleura were not regarded as 'A' or 'B' lines.
A special study of the lungs of five of these patients was made at necropsy using radiography and gaseous fixation (Cureton and Trapnell, 1961 (Fig. 4) showed fine, linear shadows, resembling 'A' lines, spreading from the main tumour mass. When a radiograph of a slice of the lung approximately 1 cm. thick was made, these 1 Because the lymphatics from the left lower lobe cross in the mediastinum to the subcarinal and right paratracheal lymph nodes (Rouviere, 1932; Nohl, 1962) , it seems possible that tumour cells from the left lung may obstruct the lymphatic drainage from the right lung, first causing oedema in it and then permitting the retrograde spread of tumour cells into it. In this series there was no evidence that a left lung tumour caused changes in the right lung. radiating lines were clearly revealed (Fig. 2) Figure 7 shows how the composition and thickness of an interlobular septum, which caused a 'B' line (Fig. 3) Radiological appearances of lymphangitis carcinomatosa of the lung fibrous reaction and infiltration with lymphocytes. When such septa are tangential to the x-ray beam, they cast linear shadows, but the variation in the thickness in different planes is lost in the summations of these shadows (Fig. 8) .
No other lines were visible in any of the radiographs of the whole lung or slices of it in the five cases examined post mortem. In two cases a thin slice of the surface of part of the lung showing pleural lymphatics permeated by tumour was placed in contact with fine-grain x-ray film and radiographed. The pleural lymphatics did not cast any recognizable shadows even under these ideal conditions. Pathological Tumour permeation of the pleural lymphatics produces a characteristic appearance (Fig. 9) . In early cases the lung is normal in size, inflates without difficulty, and, when inflated, presents a smooth surface with the superficial lymphatics clearly shown as a fine, whitish net-work on it. In more chronic cases the lung is small and is distended only with difficulty. When it is inflated the lobules of the lung bulge out between the interlobular septa (Fig. 9) . On cutting such a lung it is apparent that in these cases there is thickening and rigidity of the interlobular septa which yIG. 9. Part of the lower lobe (original size) of the lung shown in Fig. 4 showing the pleural lymphatics and irr gularity of the surface of the lung caused by fibrosis in the interlobular septa. I prevents normal expansion of the lung. This may be confirmed by microscopy which shows that, in addition to the tumour-filled lymphatics, there is much fibrosis around the lymphatics of the interlobular septa and those beside the bronchi and blood vessels. The distribution of the pleural lymphatics as 'injected' naturally with tumour cells corresponds with that seen in the living lung at operation and in injected specimens after death (Trapnell, 1963) Visible pleural lymphatics are far more common over the lower lobe, including its upper part, than they are in the upper lobe or middle lobe, even in the lowermost parts of the lingula. Occasionally a few tumour-filled lymphatics can be seen running a short course in the pleura of the upper lobe. The distribution of the interlobular, perivenous, and peribronchial lymphatics, on the other hand, appears to be approximately equal in all parts of the lung.
Valves may sometimes be visible on macroscopic or microscopic examination of the pleural lymphatics, but less commonly than in injected specimens, presumably because the valves are damaged by the tumour. This is not always the case, however. Figure 10 interlobular lymphatic permeated by tumour cells and a valve, the (normal) cusps of which point towards the hilum. Sometimes, if the lymphatics of cases of lymphangitis are injected after death with a microscopically recognizable medium, clumps of tumour cells can be shown lying free in a lymph vessel surrounded by the injection medium.
In this series of 20 cases, the site of the primary tumour was the bronchus (8), breast (7), stomach (4), and colon (1). In five patients the lymphangitis was unilateral, all being cases with a carcinoma of the bronchus and lymphatic permeation in the same lung only. In two of the five patients whose lungs were radiographed at necropsy, discrete nodules of tumour deposit were scattered in the lung tissues in addition to the lymphatic permeation. (Table) can be used as a basis for diagnosing permeation of the pulmonary lymphatics by tumour. Any of these may form part of the radiological picture in a number of different disorders. The presence of bone metastases did not help to determine whether lymphatic permeation was present or not. There is, however, a 'characteristic' radiographic appearance present in about half the cases but the changes may only be present late in the course of the disease. This consists of the presence of 'A' lines, often in the upper or middle zones, with hilar node enlargement, fine nodular shadowing in several zones and, sometimes, 'B' lines, a pleural effusion or tumour masses. If this picture is seen, the diagnosis of lymphangitis carcinomatosa should at least be considered. If no heart failure is present and there is no history of exposure to an industrial dust hazard, the diagnosis should be suggested by the radiologist even though malignant disease may not have been suspected by the clinician. Grainger (1958) reported that unilateral tumour permeation of the pulmonary lymphatics is rare. It is interesting to note, therefore, that his case and that described by Mueller and Sniffen (1945) , like the five unilateral cases in this series, were all due to carcinoma of the bronchus. Thus, if the radiological appearances suggest lymphangitis carcinomatosa, but of one lung only, even though a definite primary tumour mass may not be visible, carcinoma of the bronchus should be seriously considered as a cause. This association between unilateral lymphangitis carcinomatosa and carcinoma of the bronchus in the same lung does not seem to have been described before. Hauser and Steer (1951) described what appears to be the only recorded instance of unilateral lymphangitis carcinomatosa not due to carcinoma of the bronchus, and this was from an adenocarcinoma of the rectum. In their case the patient had had a left thoracoplasty for tuberculosis, and the lung on that side was compressed but contained no tumour tissue. The functioning right lung had discrete tumour nodules in it and the pleural lymphatics were permeated by tumour cells. Apart from one of the cases in the present series, all those described have involved the right lung.
THE CAUSE OF 'A' AND 'B' LINES 'B' lines are caused not by a distended lymphatic alone but by the whole interlobular septum. Its thickness varies from point to point (Fig. 7) but summation of the various thicknesses, when the septum is tangential to the x-ray beam, results in a linear shadow of approximately even thickness. There was only one lung in the five cases of this series that had lines that might be called 'A' lines. These proved at necropsy to be due, like 'B' lines, to numerous small lymph channels containing tumour surrounded by a relatively much thicker layer of fibrous tissue and small round cell infiltration (Figs. 5 and 6 ). Because a lymphatic, whether or not it is surrounded by fibrous tissue, can only cast a distinct shadow in the radiograph when it has air on each side of it (to provide negative contrast), 'A' lines must be due to those lymphatics that are separate from other structures, such as blood vessels or bronchi, if they are caused by lymphatics atMall. A study of radiographs of lungs in which the lymph vessels had been outlined with a radiopaque medium showed that 'anastomotic' lymphatics are common, running an independent course through lung tissue between pulmonary veins and the bronchi (Trapnell, 1963) . It seems likely that such lymphatics, when they are surrounded by abnormal tissue like that shown in Fig. 6 , may be the cause of 'A' lines. It is important to appreciate, however, that the actual lymph vessels play only a small part in causing 'A' or 'B' lines, and that the greater part in lymphangitis carcinomatosa is due to the surrounding fibrous tissue and cellular infiltration.
If associated left ventricular failure is present it is theoretically possible that 'A' or 'B' lines might be present due to this as well. In fact, however, this seems to be uncommon, the symptoms and physical signs being predominantly due to respiratory embarrassment or right ventricular failure, which does not cause 'A' or 'B' lines. Another possible contributing factor in the production of 'A' and 'B' lines may be the oedema that is present without heart failure in some cases of lymphangitis carcinomatosa and which wais presumably 'the cause of the diffuse clouding present in 13 of the 20 cases. In none of the five lungs radiographed, where it was possible to correlate the radiological and histological appearances, was there any positive evidence that this does in fact occur.
THE CAUSE OF OTHER RADIOLOGICAL ABNORMALITIES
Apart from 'A' and 'B' lines, the changes found in lymphangitis carcinomatosa are of less diagnostic importance. Pleural effusion, discrete metastases, oedema, and hilar node enlargement need no special comment. In two cases of this series a shadow, later proved to be due to the primary bronchial carcinoma, was also visible.
Thickening of the lesser fissure is a sign of more interest in that its cause is not certain. It was mentioned by Simon (1962) , who considered that it may be due to tumour-filled pleural lymphatics running towards the hilum in the fissure. There was no tumour permeation of lymphatics under the pleura of either lobe adjacent to the fissure in the only lung examined at necropsy that had shown thickening of the fissure during life. Three other right lungs were studied from cases where there had been no demonstrable thickening of the fissure before death. One had tumour masses in both lobes but, like the two other cases, there was no permeation of the pleural lymphatics in the fissure. In a study of 13 right lungs after the injection of all visible pleural lymphatics (Trapnell, 1963) , there was no case in which a pleural lymphatic was shown in the pleura of either lobe forming the fissure. It seems therefore that tumour permeation of the pleural lymphatics is not likely to be the cause of the thickening of the fissure. Alternative explanations are that it is caused by a small amount of oedema in the pleura, such as may occur in cardiac failure (Short, 1956) Small nodular shadows were noted in the antemortem chest radiographs of 19 of the 20 cases studied. Similar opacities were described by Assmann (1914, 1929) , Lorenz (1921) , and Mueller and Sniffen (1945) . They attributed these fine shadows to tumour-filled lymphatics 'cut' end-on by the incident x-ray beam. The nodular opacities in the cases seen personally were sometimes so numerous that this seems unlikely to be the whole explanation. Carstairs (1961) showed that, if layers of a simple plastic lattice were superimposed and radiographed, a nodular type of shadow resulted. He showed in effect that many interlacing strands of plastic (all parallel to the x-ray film) cast a composite mottled shadow which might be interpreted as indicating that nodules were present or that the plastic lattice had been end-on to the x-ray beam. The same appearances may presumably be caused by the superimposition of the shadows of many tumour-filled lymphatics. This simple physical phenomenon seems to be the probable explanation of most, if not all, of the fine nodular opacities seen in lymphangitis carcinomatosa because radiographs of the slices of the lungs showed no such nodular shadows.
SUMMARY
The chest radiographs of 20 patients, subsequently proved at necropsy to have lymphangitis carcinomatosa, were examined. Abnormalities were found to be slightly more common in the right lung than in the left. No single radiographic change was diagnostic but the combination of abnormalities was sufficiently characteristic to suggest the diagnosis in about half the cases.
The lungs of five of these patients were studied radiographically and histologically at necropsy. It was shown that tumour-filled pleural lymphatics cast no recognizable shadow and that 'B' lines are due to the interlobular septa, thickened by fibrous and inflammatory tissue around tumourstuffed lymphatics. 'A' lines appear to be due to 'anastomotic' lymphatics, which run an independent course through the lung, when they are similarly surrounded by fibrous tissue and chronic inflammatory cells.
The pathological cause of some of the other radiological abnormalities is also discussed.
